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High molecular'weight alkanes including the saturated
isoprenoid hydrocarbons, pristane and phytane, have been
found in shale 1 billion years old from the Nonesuch for-
mationl’z, chert 2 billion years old from the Gunflint iron
formation of Ontario, Canada3, and rocks (carbonaceous lens
and graphitic-like silicates) 2.7 billion years old from the
Soudan iron formation of Minnesota4-6. The biogenic origin
of the organic materials in the Nonesuch shale and the
Gunflint chert has been assigned on the basié of fossil micro-
organisms contained in them7 and the hydrocarbons were con-
sidered to be remnants of this early life.

We have analyzed 3.2 billion year old sedimentary rocks
from the Fig Tree series of the Swaziland system, eastern
TrénsVaal, South Africa, for aliphatic hydrocarbons, utilizing
techniques described in detail elsewhere6’8’9. The carbon-
aceous silicate rocks from the Fig Tree series were collected
by Dr. T. C. Hoering the Sheba gold mine near Barberton,
South Africa, and by Dr. E. S. Barghoorn in an outcrop near
the Daylight mine, 28 km. east-northeast of Barberton. The
rocks were black chert (sample no. 1) and a carbonaceous
~graphitic-like silicate (sample no. 2) collected by Hoering,
and black chert (sample no. 3) collected by Barghoorn. 1In
addition, an extract obtained by Hoering from a core specimen
of shale (sample no. 4) was analyzed.

The procedure used with samples 1, 2 and 3 was to pulverize

the rocks (after approPriate steps had been taken to remove
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surface contamination) in a Carver press test cylinder, and
extract the organic compounds with benzene-methanol (3:1)

in an all-glass Soxhlet-type extractor. The extract supplied
by Hoering was obtained from sample no. 4 by extracting three
to four hundred grams of the crushed shale (core sample) in

an ultrasonic generator with n-pentane. The solvent extracts
were then fractiénated on silica gel. The procedure of Mein-
schein and Kenny9 was followed except that the aliphatic hydro-
carbons were eluted with n-pentane in the case of sample no. 4.
By caréfully blowing the low boiling solvent (n-pentane) to a
very small volume, many of the relatively low molecular weight
hydrocarbons, ordinarily lost by evaporation to dryness when
n-heptane is used, were recovered.

The eluates were dissolved in benzene and suitable aliquots
taken for analysis by gas chromatography and combined gas chroma—‘
tography-mass spectrometry.lO For the gas chromatographic analyses
tentative identification of the separated compoundSwas obtained
by (1) coinjection of pristane, phytane, n-octadecane, and n-
octadencene-1 wifh the samples (samples 1 and 4) on capillaries

coated with Polysev (m:bis—gf{phenoxyphenoxy)—phenoxybenzene).
and (2) comparison of the retention times of the compounds in
the samples (samples 1-4) with those of appropriate hydrocarbon
standards (normal alkanes, pristane, phytane, n-hexadecene-1,
n-octadecene-1, n-eicosene-1, and n-tricosene-1) chromatographed on
the same columns (Polysev) and at the same conditions. For the‘

graphitic-like silicate (sample no. 2), in addition to the com-



parison of retention times of eluted components and standards
(normal hydrocarbons, pristané, and phytane) made with Polysev
as the liquid phase, similar comparisons were made using a 15 m
packed column with SE-30 as the liquid phase.

Mass spectrometric identifications (samples 1.and 4) were
made.by taking individual mass spectra of the individual com-
ponents as they were eluted frbm the Polysev coated cépillaryll.
These spectra were compared with spectra of the aforementioned
standards‘obtained in the same manner. Since we did not have

a standard, the assignment of norpristane was made by comparing

our mass spectrum with available C18 isoprenoid mass spectra.2

Figure 1 shows the chromatograms obtained using Polysev as
the liquid phase in stainless steel capillary columns. The
hydfocarbons shown in Figure 1A were obtained from the internal
part of a chert sample (sample no. 1), which was treated with
chromic acid cleaning solution prior to crushing and extracting.
Normal alkanes ranging from C15 through C26 were found to be
present. The peaks designated as a and b correspond by their
chromatographic position to pristane and phytane, respedtivély.
The peak immediately following é—CiG contains A-Ci6s but pro-
bably also contains norpristane. The shape of the peak clearly
shows that it répresents at least two compounds. The peaks im-
mediately following n-Cyg, n-C

and n-C correspond to the
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normal C18f C20 and C22 monoenes respectively. The re-
tention times do not correspond to the respective n-alkyl-
cyclohexanes. The retention times of these cyclic alkanes
(on Polysev) almost coincide with those of normal alkanes
having one more carbon. As indicated earlier, the identi-
fication of the olefins was.made on the basis of both mass
Spectromifrégalysis and retention times of known hydrocar-
bons (normal C16’ C18’ C20’ and C22 mondenes). The gas
chromatographic analysis of this sample made on the LKB
9000 instrument is shown in Figure 1E.

A'second analytical determinafion of alkanes was car-
ried out with small pieces (inside and outside) of the
same specimen of chert. The decontamination of possible
surface contaminants was performed this time not by treat-
‘ment with chromic acid, but by carefully extracting the
rock surface with organic solvent (benzene methanol, 3:1).
After extraction the pieces were then dried, crushed, ex-
tracted and the extract analyzed.

The chromatographic pattern of the paraffinic hydro-
carbons recovered from thé sample is shown ih Figure 1C.°
As shown, the chromatographic pattern is the same as that
of Figure 1lA. Approximately the same level of hydrocarbons
(0.02 ppm) was found in sample no. 1 by the two separate
and slightly different analytical determinations. The mass
spectrometric results of the second determination were

essentially as obtained for the first. Furthermore, in the

second analysis, two mass spectra were taken of the peak



immediately following 5_C16' one on the ascending'side of
the peak before inflection and the other on the descending
side. The components of this peak were found in fact to
be norpristane and C16 monoene as indicated by‘the first
analysis. The mass spectra of the isoprenoid hydrocarbons
of this sample are présented in Figure 2. They are essen-
tially identical to those given by standards. The controls
or procedural blanks (glass was carried through all analyQ
tical steps including pulverization in the Carver press
associated with the particular samples) are shown in Fig-
ures 1B and 1D. As seen the alkane contribution of the
blanks amounts to less than 1% and 5% respectively of the
amounts found in the actual samples.

Sample no. 2 (graphitic-like silicate obtained from
Hoering) and sample no. 3 (black chert obtained from Barg-
hoorn) were boiled in benzene-methanol (3:1) to remove any
possible surface contamination. The n-heptane eluates
from these samples were analyzed on a 305 m long x 0.76 mm
inside diameter stainless steel capillary coated with Poly-
sev. Extremely low levels of hydrocarbons (approximately
0.003 ppm) were obtained. Small peaks representing hydro-
carbons in the C12_C19 range were obtained. Peaks having
the retention time of pristane and phytane standards were
detected in the graphitic-like silicate, but not in the
chert. The much lower yields obtained with these two

samples show that significant variations in the hydrocarbon




content of these rocks exist. In general, variations in
hydrocarbon content can be expected from different sam-
ples of the same sediment. Indeed, significant variations
have been observed in our laboratory in rocks from the
Gunflint iron formation of southern Ontario. The existence
of such hydrocarbon-deficient rocks makes it possible to
run ideal analytical controls for samples from the same
formation which may be richer in hydrocarbons. The hetero-
geneity of quantitative distribution of hydrocarbons may
be the result of diffefences in the concentration or com-
position of organic matter or in the thermal metamorphism
of the rocks analyzed. This heterogeneity may be taken
as an indication that the hydrocarbons were not incorp-
orated into the rocks by a general process of petroleum
migration in more recent times.

in order to obtain additional data on Fig Tree Pre-
cambrian sediments, a core of the Fig Tree shale (sample
no. 4) was extracted‘(see above) more recently at the
Geophysical Laboratory of the Cérnegie Institute of
Washington by Dr. T. C. Hoering, and the resulting hydro;
carbons were analyzed at Houston. ‘The results obtained
wefe similar to those of Figure 1 except that more of
the low molecular weight alkanes and less of the hiéher
molecular weight paraffins were detected. This is indeed
what would be expected by the use of n-pentane as a sol-
vent instead of n-heptane. The amounts of hydrocarbons

were of the order of 0.15 ppm.



Aliphatic hydrocarbons are present in the Fig Tree rocks
at extremely low levels (0.003-0.15 ppm) . Sufficient data
are not‘available to ascertain whether or not the hydrocarbons
date from deposition. However, the treatment of the samples
precludes the hydrocarbons being merely surface contaminants.
This conclusion is in line with the fact that the 13C/12C
ratios of the extractable and insoluble organic matter of the

Fig Tree rocks are essentially identicallz. However, Hoering'sv

comments12 on the discrepancies to this correlaﬁion that occur
for several Precambrian'samples indicate that more work on carbon
isotope distribution needs to be done before the actual signifi-
cahce of 13C/lzc ratios can be ascertained. Entities have been
found in the Fig Tree shale that have the morphology of fossil
bactefia and possibly algae13 and these hydrocarbons may be
remains from this early life.

The occurrence of olefins in some samples of Fig Tree
chert is somewhat unexpected. Although olefins have been

14, in general they are rela-

observed in Pennsylvania crude
-tively rare in petroleum crudes and sediments. Their presencé
in the cherty Precambrian sediment is not easily understood
unless one assumes that the olefins can be preserved in the
chert matrix, for’long periods of time or that they may be
products of the thermal degradation of biological compounds
such as even carbon-numbered alcohols.

The relative large amounts of pristane found in the

sediment may be taken as an indication that the isoprenoid



hydrocarbons aré probably biogenic. However, it has been
demonstrated that 2-methylbutane (isoprane) and other branched
hydrocarbons can be synthesized by Fischer-Tropsch processesls’lG.
Thus, it is not impossible that certain isoprenoid hydrocarbons
could also be formed abiotically. Yet, more work needs to be
done on this type of synthesis before advancing any speculations.
To our knowledge no assignment of configuration to
the asymmetric centers of fossil pristane and phytane has been
made. With the further development of some recent techniques
using optically active phases17 it may eventually be possible
to separate the stereoisomers (e.g. enantiomers, di%tereomers)
of pristane and phytane. Then the aforementioned asSignments
of configuration would be feasible and it might be possible to
differentiate between abiologically and biologically derived
isoprenoids. Although we do not know the isomeric forms of
the isoprenoid structures examined, we do not believe, on the
basis of the gas chromatographic and mass spectrometric data,
the compounds to be isomers in which methyl substituents are
diéplaced from the positions found in pristane and phytane.
Nevertheless, it is possible that our methods might not deteéect
a shift in position of only one methyl group.
After completing this work, we have learned that
isoprenoid and paraffinic hydrocarbons have also been detected
by other workers in samples of the Fig Tree chert which had

apparehtly undergone a minimum amount of thermal metamor-—

18

phism™" and in similar rocks which presumably were more



metamorphosedlz. The organic geochemistry of Precambrian

sediments and the problems involved in assessing the role
of contamination and metamorphism, and determining whether
the hydrocarbons date from sediment desposition or are the
result of later infiltrations into the rock have been re-
cently discussed in some detail by Hoeringlz.
Because of the compact nature of some of these rocks,
especially the chert, and the fact that internal samples
were analyzed in most cases, it is probable that the hydro-
carbons are indigenous to the rock. The fact that micro-
fossils have been found in some of these rocks would suggest
a biochemical origin for these hydrocarbons which took place
about 3.2 x 109 years ago. However, additional research
work will have to be carried out in order to decide in a
more definite way whether these hydrocarbons date from
sediment deposition and whether they are biogenic or not.
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Figure 1. Gas chromatographic separation of alkanes from

the Fig Tree chert with capillary columns (Polysev).

(»)

- (B)

(C)

(D)

(E)

Stainless steel tubing 91.5 m x 0.076 mm, coated

with Polysev. F and M model 810 gas chromatograph

equipped with a flame ionization detector. Nitrogen
pressufe, 1050 g/cmz. No split. Chert extracted

(pulverized inside piece), 100.5 grams. About %

of the n-heptane eluate was injected. Range 10;

attenuation, 4. Isothermal at 140° C for 22 min-
utes, then programmed at approximately 6°© C per
minuté to 200° c. |

Blank (pulvérized glass substituted for sample),
treated in the same way as the sample. |
Analytical equipmenf and conditions same as in (A4).
Chert exfracted (pulverized piece which included
some solvent-cleaned outside material), 97.9 grams.
About % of the n-heptane eluate was injected.

Blank (pul?erized glass substituted for sample),
treated as sample. <
Stainless steél tubing, 75 m x 0.76 ﬁm, coated with
Polysev. LKB 9000 gas chromatograph-mass spectrometer
éombination. Helium flow, 24 ml/min. No split.
Same éample and eluate as in A. About 1/3 of the

eluate was injected. Gain, 6. Isothermal at 130° C




for 18 minutes, then programmea at approximately

1.5°C per minute to 200°C.
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Figure 2

Mass spectra of saturated isoPreﬂoid
hydrocarbons from the Fig Tree chert
‘sample extracted in Houston. Obtained.
using an LKB 9000 gas chromatograph-

mass spectrometer combination.
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